《无机化学实验（上）》（强化班）课程教学大纲

一、课程基本信息
	英文名称
	Inorganic Chemistry Experiments (I)
	课程代码
	09041003

	课程性质
	基础课
	授课对象
	化学强化班

	学   分
	1.5
	学   时
	54

	主讲教师
	李亚红等
	修订日期
	2021.5

	指定教材
	实验讲义：《Experimental Inorganic Chemistry》；主编：李亚红，2020，9


二、课程目标：
（一）总体目标：
无机化学实验是高校化学化工类专业学生的第一门必修基础实验课，它是一门独立的课程，也是学习无机化学的一个重要环节。无机化学实验（一）（上）的主要任务是：通过实验课程使学生掌握基本的化学实验方法和无机化学实验的基本操作技能；掌握大量的第一手感性知识，经分析、归纳、总结，从感性认识上升到理性认识，加深对无机化学基本概念和理论的理解，提高知识应用能力；正确使用基本仪器，培养学生实验的操作能力、细致观察和记录现象的能力、准确测定实验数据和表达实验结果的能力；培养事实求实的科学态度和规范、细致、整洁的进行科学实验的良好习惯以及逻辑思维方法，为学生参加科学研究及实际工作打下坚实的基础。
（二）课程目标：
通过实验课程使学生掌握基本的化学实验方法和无机化学实验的基本操作技能；掌握大量的第一手感性知识，经分析、归纳、总结，从感性认识上升到理性认识，加深对无机化学基本概念和理论的理解，提高知识应用能力；正确使用基本仪器，培养学生实验的操作能力、细致观察和记录现象的能力、准确测定实验数据和表达实验结果的能力；培养事实求实的科学态度和规范、细致、整洁的进行科学实验的良好习惯以及逻辑思维方法，为学生参加科学研究及实际工作打下坚实的基础。
课程目标1：掌握基本的化学实验方法和无机化学实验的基本操作技能；
1.1 根据实验目的，掌握基本的实验方法和基本操作，安全开展实验。

1.2 培养正确使用基本仪器，细致观察和记录现象的能力、准确测定实验数据和表达实验结果的能力。
课程目标2：加深对无机化学基本概念和理论的理解，提高知识应用能力
2.1对实验现象进行解释并作出结论，或根据实验数据进行处理和计算的能力
2.2能独立完成实验报告，对实验结果进行分析和解释，得出合理的结论。
（三）课程目标与毕业要求、课程内容的对应关系：

表1：课程目标与课程内容、毕业要求的对应关系表
	课程目标
	课程子目标
	对应课程内容
	对应毕业要求

	课程目标1
	1.1
	实验1-3
	毕业要求1-4

	
	1.2
	实验1-3
	毕业要求1-4

	课程目标2
	2.1
	实验4-14
	毕业要求1-4

	
	2.2
	实验4-14
	毕业要求1-4


三、教学内容
实验项目1：Washing and drying the glassware
1. 教学内容

Claim the glassware，wash the glassware and dry the glassware.
2. 教学目标

Know the rules and requirements of the inorganic chemistry laboratory. Claim and know the names and scales of the commonly used glassware in inorganic chemistry experiment. Learn and practice the methods for washing and drying the commonly used glassware.
实验项目2：Operations of burners and manufacture of glass and plastic tubes
1. 教学内容

Disconnect the gas burner and learn the structure of its component. Light the burner and observe the color of the flame. 
2. 教学目标

Understand the constructions and operations of the gas burner and alcohol burner. Study the operations for cutting, bending, pulling and melting glass tubes.
实验项目3：Taking and using of the reagents and test-tube operation
1. 教学内容

“Blue bottle” experiment.

Five color experiment The content of oxygen in air. Three color cup experiment 
2. 教学目标

Learn the methods for taking solid and liquid reagents. Practice  the operations for shaking the test-tube and heating solid and liquid reagents.
实验项目4：Preparation of the high purity sodium chloride from the crude salt 
1. 教学内容

Purification of sodium chloride. Purity examination of the product.
 2. 教学目标

Study the method of preparing reagent level sodium chloride by purification of the sea salt.

实验项目5：Solution preparation
1. 教学内容

Roughly preparing CuSO4 solution. Accu- rately preparing saline. Roughly preparing H2SO4 solution. Accu- rately preparing HAc solution. 
2. 教学目标

Practice the operation of pipette, densimeter and volumetric flask. Master the methods and basic operations of making a solution, whose concentration is expressed as mass fraction, molality and molarity. Understand the method for preparing the special solutions.
实验项目6：Titration operation
1. 教学内容

Determine the concentration of NaOH solution. Determination of the concen- tration of hydrochloric acid solution.

 2. 教学目标

Master the principle and operation of the titration through determining the concentrations of NaOH and HCl solutions by titration. Study the operation of burette.
实验项目7：Preparation of hydrogen gas and determination of the relative atomic mass of copper
1. 教学内容

Using the reducibility of hydrogen gas to determine the relative atomic mass of copper.
2. 教学目标

Through the preparation of pure hydrogen gas, learn and practice the basic operations of generation, collection, purification and drying. Determine the relative atomic mass of copper by the reductive property of hydrogen gas.
实验项目8：Preparation of ferrous ammonium sulfate from crude iron scrap
1. 教学内容

Purification of crude iron scrap. Preparation of FeSO4. Preparation of (NH4)2SO4·Fe(SO4)·6H2O.

 2. 教学目标

Learn the basic operations and principles of preparation of ferrous ammonium sulfate. 
实验项目9：The ionization equilibrium and precipitation equilibrium
1. 教学内容

Testing the common ion effect and ionization equilibrium. Testing the relationship between common ion effect and precipitation equilibrium. Preparation of buffer solution and determine its properties.

2. 教学目标

Understand the basic principles of the ionization equilibrium, the hydrolysis equilibrium, the precipitation equilibrium and the common ion effect.  Know the conditions of precipitate formation, dissolve and transform and learn the manipulation of centrifuge.
实验项目10：Determination of the ionicity and ionization constants of acetic acid
1. 教学内容

Determination the concentrations of acetic acid solutions. Make HAc solutions with different concentrations. Determine the pH value, calculate the ionicity and ionization equilibrium constant of the acetic acid solutions.

2. 教学目标

Determine the ionicity and ionization constant of acetic acid. Learn the basic principle of titrate and titration operation. Know how to judge the end point of the titration. Practice the use of pH meter.
实验项目11：Molecular weight measurement of CO2
1. 教学内容

Assemble the Kipp apparatus and synthesis of CO2. Relative molecular weight measurement of CO2 gas.

2. 教学目标

Understand the principles and the methods for determining the molecular weight of a gas by measuring the relative density of the gas. Learn the assembly and application of the Kipp apparatus, gas washing bottle, and drying tube. Learn the manipulation of analytical balance and mechanical balance.
实验项目12：Transition metals of iron, cobalt and nickel
1. 教学内容

The reduction properties of iron (II), cobalt (II), and nickel (II). The oxidation property of iron (III), cobalt (III) and nickel (III). Formation of the coordination compounds.

2. 教学目标

Test and master the reduction properties of iron (II), cobalt (II), nickel (II) and the oxidation properties of iron (III), cobalt (III) and nickel (III). Test and master the properties and preparation of the coordination complexes of iron, cobalt and nickel.
实验项目13：Preparation of a cobalt (III) complex
1. 教学内容

Preparation of the Co(III) complex and determination of the composition of the complex.

2. 教学目标
Learn the commonly used method for preparing metal complex——substitution and redox reactions in aqueous solution. Understand their basic principles and methods. Draw the preliminary conclusion to the constitution of the complex. Learn how to use electric conductivity meter.
实验项目14：Preparation of aluminum sulfate
1. 教学内容

Preparation of sodium aluminate. The production and washing of aluminum hydroxide, and preparation of aluminium sulfate.
2. 教学目标
Prepare aluminum sulfate. Study and master the reaction between metal aluminum with base.

Practice the basic operations of dissolve, evaporation, crystallization and filtration.
四、学时分配
	序号
	项目名称
	学时分配
	每组人数
	必修/选修

	1
	Washing and drying the glassware
	3
	1
	必修

	2
	Operations of burners and manufacture of glass and plastic tubes
	4
	1
	必修

	3
	Taking and using of the reagents and test-tube operation
	4
	1
	必修

	4
	Preparation of the high purity sodium chloride from the crude salt
	4
	1
	必修

	5
	Solution preparation
	4
	1
	必修

	6
	Titration operation
	3
	1
	必修

	7
	Preparation of hydrogen gas and determination of the relative atomic mass of copper
	4
	1
	必修

	8
	Preparation of ferrous ammonium sulfate from crude iron scrap
	4
	1
	必修

	9
	The ionization equilibrium and precipitation equilibrium
	4
	1
	必修

	10
	Determination of the ionicity and ionization constants of acetic acid
	3
	1
	必修

	11
	Molecular weight measurement of CO2
	4
	1
	必修

	12
	Transition metals of iron, cobalt and nickel
	3
	1
	必修

	13
	Preparation of a cobalt (III) complex
	4
	1
	必修

	14
	Preparation of aluminum sulfate
	4
	1
	必修


五、教学进度
表3：教学进度表
	实验名称
	内容提要
	授课时数
	作业及要求
	备注

	Washing and drying the glassware
	Claim the glassware，wash the glassware and dry the glassware


	3
	阅读书本P.1-3
	

	Operations of burners and manufacture of glass and plastic tubes
	Disconnect the gas burner and learn the structure of its component. Light the burner and observe the color of the flame. 
	4
	阅读书本P.6-10
	

	Taking and using of the reagents and test-tube operation
	“Blue bottle” experiment.

Five color experiment The content of oxygen in air. Three color cup experiment
	4
	阅读书本P.11-12
	

	Preparation of the high purity sodium chloride from the crude salt
	Purification of sodium chloride. Purity examination of the product
	4
	阅读书本P.15-20
	

	Solution preparation
	Roughly preparing CuSO4 solution. Accu- rately preparing saline. Roughly preparing H2SO4 solution. Accu- rately preparing HAc solution
	4
	阅读书本P.13-14
	

	Titration operation
	Determine the concentration of NaOH solution. Determination of the concen- tration of hydrochloric acid solution
	3
	阅读书本P.15-20
	

	Preparation of hydrogen gas and determination of the relative atomic mass of copper
	Using the reducibility of hydrogen gas to determine the relative atomic mass of copper.
	4
	阅读书本P.26-28
	

	Preparation of ferrous ammonium sulfate from crude iron scrap
	Purification of crude iron scrap. Preparation of FeSO4. Preparation of (NH4)2SO4·Fe(SO4)·6H2O
	4
	阅读书本P.29-30
	

	The ionization equilibrium and precipitation equilibrium
	Testing the common ion effect and ionization equilibrium. Testing the relationship between common ion effect and precipitation equilibrium. Preparation of buffer solution and determine its properties.


	4
	阅读书本P.31-34
	

	Determination of the ionicity and ionization constants of acetic acid
	Determination the concentrations of acetic acid solutions. Make HAc solutions with different concentrations. Determine the pH value, calculate the ionicity and ionization equilibrium constant of the acetic acid solutions
	3
	阅读书本P.40-43
	

	Molecular weight measurement of CO2
	Assemble the Kipp apparatus and synthesis of CO2. Relative molecular weight measurement of CO2 gas.


	4
	阅读书本P.111-112
	

	Transition metals of iron, cobalt and nickel
	The reduction properties of iron (II), cobalt (II), and nickel (II). The oxidation property of iron (III), cobalt (III) and nickel (III). Formation of the coordination compounds.


	3
	阅读书本P.44-46
	

	Preparation of a cobalt (III) complex
	Preparation of the Co(III) complex and determination of the composition of the complex.


	4
	阅读书本P.47-50
	

	Preparation of aluminum sulfate
	Preparation of sodium aluminate. The production and washing of aluminum hydroxide, and preparation of aluminium sulfate.
	4
	阅读书本P.51-52
	


六、教材及参考书目
1. 教材：《Experimental Inorganic Chemistry》主编，李亚红。实验讲义，2020，9
2. 参考书
1、《无机化学实验》（第一版），郎建平、卞国庆，南京大学出版社，2009年。

2、《无机化学实验》（第四版），北京师范大学无机化学实验室等编，高等教育出版社。
3、《无机化学》上下册（第四版），北京师范大学等，高等教育出版社。

4、《无机化学》上下册（第三版），武汉大学等校编，高等教育出版社。
七、教学方法 
授课方式：讲述，演示，个别指导
基本要求：

1. 课前预习讲义，写出书面预习报告。

2. 通过实验课程掌握基本的化学实验方法和基本操作技能。
3. 正确使用基本仪器，准确测定实验数据和表达实验结果。
八、考核方式及评定方法
（一）课程考核与课程目标的对应关系 
表4：课程考核与课程目标的对应关系表
	课程目标
	考核要点
	考核方式

	课程目标1
	预习报告的撰写，基本操作技能 
	操作

	课程目标2
	实验数据的处理和分析，实验成败因素的总结，实验报告的规范书写
	操作


（二）评定方法 
1．评定方法 
（1）撰写预习报告。能独立撰写实验报告。预习报告的内容包括实验目的、实验原理、实验步骤、实验主要装置图，对实验结果的预测等。
（2）撰写实验报告。实验报告的内容应包括实验目的、实验原理、实验步骤、实验主要装置图、数据记录与处理、结果与讨论、对实验课本中思考题的回答，误差分析等内容。
    （3）指导教师对每份实验报告进行批改、评分。

    （4）成绩评定

     ① 实验课的考核主要采取平时实验和期末考试相结合。

     ② 实验成绩包括平时成绩和期末考试成绩两部分，各占比重70%和30%。平时成绩按每次实验的预习10%、实验操作40%、实验报告10%和实验结果40%进行综合评定。期末考试成绩是闭卷书面考试。
2．课程目标的考核占比与达成度分析 
表5：课程目标的考核占比与达成度分析表
	       考核占比
课程目标
	平时（70%）
	期末（30%）
	总评达成度

	课程目标1
	40%
	15%
	{0.40ｘ平时目标1成绩+0.15ｘ期末目标1成绩}/55。

	课程目标2
	30%
	15%
	{0.30ｘ平时目标2成绩+0.15ｘ期末目标1成绩}/45。


（三）评分标准 
	课程

目标
	评分标准

	
	90-100
	80-89
	70-79
	60-69
	＜60

	
	优
	良
	中
	合格
	不合格

	
	A
	B
	C
	D
	F

	课程
目标1
	能很好地掌握基本的实验方法和基本操作；能正确地使用仪器；能安全开展实验并正确采集数据
	能较好地掌握基本的实验方法和基本操作；能正确地使用仪器；能安全开展实验并正确采集数据
	掌握基本的实验方法和基本操作；能使用仪器；能安全开展实验并采集数据
	基本上能掌握实验方法和操作；能使用仪器；能安全开展实验并采集数据
	不能掌握实验方法和操作；不会使用仪器；不能独立开展实验并采集数据

	课程
目标2
	能很好地对实验现象进行解释；能很好地根据实验数据进行处理和计算并得出合理有效的结论。
	能较好地对实验现象进行解释；能较好地根据实验数据进行处理和计算并得出合理有效的结论。
	能对实验现象进行解释；能根据实验数据进行处理和计算并得出合理有效的结论。
	基本上能对实验现象进行解释；基本上能根据实验数据进行处理和计算并得出合理有效的结论。
	不会对实验现象进行解释；不会根据实验数据进行处理和计算并得出合理有效的结论


